In this note, the regulator problem of linear continuous-time systems with nonsymmetrical constrained control is studied. Necessary and sufficient conditions for domain 9 ( F , ql, q2), which generates admissible control by feedback law, to be a positively invariant set w.r.t. system (61, are given. These conditions guarantee that system (1)-(7) is asymptotically stable for every motion emanating from domain 9 ( F , 41, 42). A spectral analysis of equation FA + FBF = HF is also given together with conditions on the existence of matrix H. The necessary condition of the main result is established by using an important property of the Z e r F : when domain 9 ( F , 41, q 2 ) is positively invariant w.r.t. system (6), X e r F is also positively invariant w.r.t. the system. Finally, the case of symmetrical constrained control is obtained easily by taking q, = 42 = p. , vol. 13, pp. 30, pp. 22-33, 1985. New York Springer-Verlag, 1967. 247-252, 1989.
I. INTRODUCTION
Consider the optimal control problem of a linear periodic (1.a) (1 .b) system
x.(t> = A ( t ) x ( t ) + B ( t ) u ( t ) y ( t > = C ( t > x ( t > + D ( t ) u ( t )
to minimize the following quadratic performance index:
x x T ( t ) Q ( t ) x ( t ) + u ' ( t ) R ( t ) u ( t ) dt ( 2 )
0 where x E R" is the state, U E R" is the control, y E R' is the output measurement, and A(t), B(t) 
, C(t), D(t), Q(t), and R ( t ) are continuous matrix functions which satisfy the periodical property that A ( t ) = A(t + T ) , B ( t ) = B(t + T ) , C ( t ) = C(t + T ) , D ( t ) = D(t + T ) , Q ( t ) = Q(t + T ) and R ( t ) = R(t + T ) ,
where T is the periodic time, Q(t) E R n X n is positive semidefinite, and R ( t ) E R"'" is positive definite.
It is known (e.g., [2]- [5] ) that the above linear quadratic regulation (LQR) control problem can be solved by the following periodic state feedback:
G ( t ) = -R ( t ) -' B ' ( t ) P ( t )
(3.b) and P ( t ) E R"'" is a periodic positive semidefinite matrix function solved from the following periodic Riccati equation (if the solution exists):
-P O ) = A ' ( t ) P ( t ) + P ( t ) A ( t ) -P ( t ) B ( t ) R ( t ) -' B ' ( t ) P ( t ) + Q ( t ) . (3.c)
In general, to implement the analog optimal periodic control scheme (3.a) needs complete state measurement. In this note, one converts the control scheme into a generalized-sampled-data hold control using the output measurement (1.b) only.
DEVELOPMENT

A. Generalized sun pled-Data Hold Control
yields the following closed-loop system:
Associated to the closed-loop system, one defines +(t, 01, V(r, e), and Wp(t, 0 ) as the state transition matrices satisfying the following three differential equations, respectively:
The periodic system (1) with the optimal periodic control (3.a) (10) is just equivalent to (3.a). Now, one defines
for all a E (0, TI. Thus by (12.a) and (12.b), it is concluded that
B. Conversion Algorithm satisfy 0 < a, < ... < Assume that a1, a,;.., af are positive real numbers which I T and By (13) and (1.51, one can obtain
where L E R n X f r is given by (17) This means that x ( k T ) can be exactly predicted by y ( k Tall, y(kT -a,);.., y(kT -uf) if the generalized sampled-data hold control (10) Thus, an alternative conversion can be taken as follows: for 0 E [ -T , 0) may not obey (lo), a practical control scheme in the first periodic time can be taken as follows:
Ch( -0.6) Ch( -0.8)
, where the expectation E(x(0)) can be substituted by an estimated vector using any other approaches (e.g., the exact reconstruction method developed in [7] ). Remark 2: A necessary and sufficient condition to exist real numbers (T~;.., ar (0 < < ... < U~ I T ) for satisfying (15) is that the following Gramian matrix has full rank (see Lemma 3 in the Appendix).
Similarly, a necessary and sufficient condition to exist real numbers (T~;.., cg (0 < u1 < ... < ug I T ) for satisfying rank[M,] = n is that the following Gramian matrix has full rank
Remark 3: It is interesting to compare the presented approach with a multirate output feedback control given as follows (e.g.,
MI:
where f is a positive integer, 0 E [0, T / f ) , and L, E R m X r , i = 0,1,2;.., f -1 are the piecewise output feedback gains.
From the theoretical viewpoint, the converted generalized sampled-data hold control (18) [or (2111 is really an optimal solution of the continuous-time LQR control problem, it produces the least cost and arises no intersample ripple. On the other hand, a multirate output feedback control can be considered as a suboptimal approach using convenient structure. A significant advantage of this approach is that the minimization problem of the index (2) subject to the multirate structure can be converted into a discrete-time LQR control problem, in particular, if the system has complete state information, then the optimal solution can simply be solved from a discrete-time algebraic Riccati equation (see [ 11) . Besides, a multirate output feedback control scheme is easier for practical implementation because it only uses a zero-order hold and needs less output measurements. to minimize a quadratic performance index as follows:
By solving the periodic Riccati equation (3.~1, one obtains the optimal periodic control as follows: 
This converted control scheme is checked by simulation as shown in Fig. 1 .
IV. CONCLUSIONS
In this note, a conversion method to convert the analog optimal periodic control to a generalized sampled-data hold output feedback control for a linear periodic system is developed. Such a conversion enables us to implement the optimal periodic control scheme in the presence of incomplete state measurement. Besides, the converted control scheme can use the delayed output feedback to offer a leisure time for on line computation, so that it can provide ability to tolerate the time delay (such as: measurement delay, computation time lag, etc). Such a conversion algorithm is also applicable to a linear timeinvariant system just by considering the system as a periodic model with an arbitrary periodic time. 
